Key indicators: single-crystal X-ray study; T = 100 K; mean (C-C) = 0.002 Å; R factor = 0.029; wR factor = 0.055; data-to-parameter ratio = 21.5.
Hydrogen-bond geometry (Å , ). Symmetry codes: (i) Àx þ 1; y þ 1 2 ; Àz þ 1; (ii) x; y; z À 1; (iii) Àx þ 2; y þ 1 2 ; Àz þ 2; (iv) Àx þ 2; y þ 1 2 ; Àz þ 1; (v) x; y; z þ 1. Cg is the centroid of the C6-C11 ring and Cg 0 is the centroid of the C6 0 -C11 0 ring. Data collection: CrysAlisPro (Oxford Diffraction, 2009); cell refinement: CrysAlisPro; data reduction: CrysAlisPro; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: XP (Siemens, 1994) ; software used to prepare material for publication: SHELXL97.
1-(4-Ethoxybenzoyl)-4-(4-methoxyphenyl)thiosemicarbazide S. Khanum, M. Farman, N. H. Rama, S. Hameed and P. G. Jones
Comment
Thiosemicarbazides represent a class of versatile precursors for the syntheses of various nitrogen heterocycles (Kucukguzel et al., 2007; Al-Masoudi et al., 2006; Tozkoparan et al., 2007; Tomascikava et al., 2008; Serwer et al. 2008; Serwar et al. 2009 ). The thiosemicarbazide moiety possesses substantial pharmaceutical potential such as anti-tumor (Angelusiu et al., 2009 ), tyrosinase inhibitor (Liu et al., 2009 ) and antioxidant (Ghosh et al., 2009 properties. The title compound was synthesized as an intermediate for its onward conversion to 1,2,4-triazoles and 1,3,4-thiadiazoles and in order to explore their anti-bacterial, urease inhibition and anti-fungal activities.
The title compound crystallizes with two independent molecules in the asymmetric unit ( Fig. 1 ); these are related to a good approximation by a translation of c/2. A least-squares fit of both molecules gives an r.m.s. deviation of 0.15 Å for all non-H atoms. Main differences involve orientations of the aromatic rings, e.g. C2-N1-C14-C15 131.9 (2), 122.1 (2)°.
Atoms of the second independent molecule are distinguished by a prime (') where necessary. Molecular dimensions (e.g. the hydrazine N-N bond lengths of 1.393 (2), 1.391 (2) Å) may be regarded as normal. The thione sulfur is trans to N4 across the bond C2-N3 (torsion angles 174.8 (1), 172.2 (1)°) but cis to C14 across the bond N1-C2 (torsion angles -9.0 (2), -8.1 (2)).
Each molecule consists of three approximately planar moieties with various common atoms: (1) the central thioamide section (S, N2, N3, N4, C2, C14); (2) the hydrazine and its aromatic ring (C5-13, O1, O2, N3, N4); and (3) the amide and its aromatic ring (C14-20, N1, O3). These display r.m.s. deviations of 0.07, 0.05, 0.01 Å in molecule 1 and 0.08, 0.06, 0.01 Å in molecule 2. Interplanar angles (1)- (2) The molecular packing is three-dimensional; classical and "weak" hydrogen bonds are summarized in Table 2 . Both molecules form a topologically equivalent set of hydrogen bonds. Fig. 2 shows that the molecules associate to form layers parallel to the xz plane; within the layers, the molecules are linked by classical H bonds N1-H01···S' (and N1'-H01'···S), whereas the layers are linked by N4-H04···O1' and the weak H bonds C10-H10···S' and C11-H11···O1' (and their counterparts). The H bond donors N3-H03 and N03'-H03' are involved in C-H···π interactions to the centroids of the ring C6'-11' and C6-11 respectively, with H···π 2.65, 2.53 Å and angles 135°, 144° respectively (operators x,y,1 + z, and x,y,z). These interactions are not shown explicitly in Fig. 2 but can be recognized within the layers.
Experimental 4-Ethoxybenzohydrazide (0.0068 moles) was dissolved in methanol (30 ml) and a solution of 4-methoxyphenylisothiocyanate (0.0066 moles), separately dissolved in 10 ml of methanol, was added dropwise with continuous stirring. The reaction mixture was refluxed for 10-12 h and progress of the reaction monitored by TLC. After consumption of the starting materials, the mixture was cooled to room temperature. The methanol was removed to give the crude thiosemicarbazide supplementary materials sup-2 as an oil that solidified on cooling. The product was recrystallized from ethanol as large colourless blocks that were cut to size for X-ray analysis.
Refinement
The NH H atoms were refined freely but with N-H distances restrained equal. Methyl H atoms were identified in difference syntheses, idealized and refined as rigid groups with C-H 0.98 Å and H-C-H angles 109.5°, allowed to rotate but not tip.
Other H atoms were placed in calculated positions and refined using a riding model with C-H arom 0.95 and C-H methylene 0.99 Å; the hydrogen U values were fixed at 1.5 (methyl) or 1.2 × U(eq) of the parent carbon atom.
The compound is achiral but crystallizes by chance in a chiral space group. The translational pseudosymmetry causes the reflections with l odd to be weak, but they are definitely present. Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > σ(F 2 ) is used only for calculating Rfactors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. (6) 0.0177 (6) 0.0013 (5) −0.0002 (5) 0.0031 (5) O2 0.0243 (6) 0.0218 (7) 0.0157 (6) 0.0006 (5) −0.0066 (5) 0.0002 (5) O3 0.0235 (7) 0.0669 (11) 0.0330 (7) −0.0240 (7) 0.0037 (6) −0.0058 (7) N1 0.0150 (7) 0.0272 (9) 0.0117 (7) −0.0055 (6) −0.0012 (6) 0.0051 (6) C2 0.0115 (7) 0.0120 (9) 0.0140 (8) 0.0012 (6) 0.0010 (6) −0.0018 (6) N3 0.0154 (6) 0.0180 (8) 0.0092 (7) −0.0034 (6) 0.0009 (5) 0.0031 (6) N4 0.0148 (7) 0.0116 (8) 0.0127 (7) 0.0000 (6) −0.0026 (5) 0.0001 (6) C5 0.0123 (8) 0.0125 (9) 0.0143 (8) −0.0011 (7) 0.0043 (6) 0.0009 (7) C6 0.0129 (8) 0.0110 (9) 0.0131 (8) −0.0026 (6) 0.0023 (6) −0.0001 (6) C7 0.0164 (8) 0.0111 (9) 0.0172 (9) −0.0009 (7) 0.0039 (7) 0.0010 (7) C8 0.0177 (8) 0.0182 (10) 0.0144 (8) −0.0043 (7) −0.0002 (7) −0.0049 (7) C9 0.0121 (7) 0.0210 (10) 0.0138 (8) −0.0019 (7) 0.0004 (6) 0.0034 (7) C10 0.0221 (8) 0.0117 (9) 0.0170 (9) 0.0005 (7) −0.0009 (7) −0.0008 (7) C11 0.0174 (8) 0.0131 (10) 0.0161 (9) −0.0017 (7) −0.0016 (7) −0.0051 (7) (7) −0.0020 (6) −0.0004 (5) 0.0015 (6) N4' 0.0139 (7) 0.0130 (9) 0.0124 (7) 0.0014 (6) −0.0019 (5) 0.0020 (6) C5' 0.0128 (8) 0.0138 (9) 0.0131 (8) −0.0018 (7) 0.0042 (6) 0.0003 (7) C6' 0.0096 (7) 0.0125 (9) 0.0134 (8) −0.0018 (6) 0.0019 (6) 0.0016 (7) C7' 0.0154 (8) 0.0114 (9) 0.0156 (8) −0.0026 (7) 0.0037 (7) −0.0018 (7) C8' 0.0155 (8) 0.0156 (9) 0.0148 (8) −0.0047 (7) 0.0031 (6) −0.0026 (7) C9' 0.0130 (7) 0.0238 (10) 0.0103 (7) −0.0012 (7) 0.0006 (6) 0.0009 (7) C10' 0.0180 (8) 0.0158 (9) 0.0178 (9) 0.0039 (7) −0.0008 (7) 0.0037 (7) C11' 0.0185 (8) 0.0131 (9) 0.0149 (9) −0.0012 (7) 0.0008 (7) −0.0017 (7) 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )

